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Abstract We investigate the production of gamma-rays in
the inverse Compton (IC) scattering process by leptons ac-
celerated inside relativistic blobs in jets of active galactic nu-
clei. Leptons are injected homogeneously inside the spher-
ical blob and initiate IC e± pair cascade in the synchrotron
radiation (produced by the same population of leptons, SSC
model), provided that the optical depth for gamma-rays is
larger than unity. It is shown that for likely parameters in-
ternal absorption of gamma-rays has to be important. We
suggest that new type of blazars might be discovered by the
future simultaneous X-ray and γ-ray observations, showing
peak emissions in the hard X-rays, and in the GeV γ-rays.
Moreover, the considered scenario might be also responsi-
ble for the orphan X-ray flares recently reported from BL
Lac type active galaxies.
Keywords active galactic nuclei · gamma rays · radiation
mechanisms
PACS 98.50.Q · 98.70.R · 95.30.G
1 Introduction
The multiwavelength spectra of BL Lac type active galac-
tic nuclei (AGNs) show usually two prominent broad bumps
which peak in the hard X-ray and TeV γ-ray energy ranges.
Most of the simultaneous observations argued for strong cor-
relation of emission in these two energy ranges on short time
scales. However, more recently the so called orphan flares,
e.g. X-ray orphan flares (from Mrk 421, Rebillot et al. 2006)
and also γ-ray orphan flares (from 1ES1959+650, Daniel et
al. 2005), have been observed in which no correlation be-
tween hard X-ray and TeV γ-ray emission seems to be ob-
J. Sitarek
Department of Experimental Physics, Univeristy of Lodz
Tel.: +48-42-355655
E-mail: jusi@kfd2.fic.uni.lodz.pl
W. Bednarek
Department of Experimental Physics, Univeristy of Lodz
E-mail: bednar@fizwe4.fic.uni.lodz.pl
served. We wonder if the appearance of the X-ray type or-
phan flares can be related to the internal absorption of TeV
γ-rays in the low energy synchrotron radiation produced by
the same population of relativistic electrons.
2 Optically thick homogeneous SSC model
Let us consider a simple scenario in which relativistic elec-
trons fill uniformly a spherical blob containing a random
magnetic field. These electrons produce synchrotron pho-
tons the spectra of which can extend up to X-ray energies.
Although the radiation field inside such an idealized blob
is homogeneous, electrons at a specific location inside the
blob (but outside the center of the blob) interact in fact with
the anisotropic radiation. Electrons close to the border of the
blob interact preferentially with the radiation coming from
general direction of the central parts of the blob. Hence, also
the IC γ-rays produced by these electrons are preferentially
emitted towards the central parts of the blob. For specific
parameters of the blob, we calculate the optical depths, for
electrons on the inverse Compton (IC) process, and for γ-
rays, produced by these electrons, on γ − γ → e± pair pro-
duction process in collisions with synchrotron photons. As
an example, we apply the X-ray observations of Mrk 501 ob-
served during the 1997 April 16 flare (Catanese et al. 1997,
Pian et al. 1997) and TeV γ-ray observations between∼200
GeV (Djannati-Atai et al. 1999) up to ∼20 TeV (Aharonian
et al. 1999). It is assumed that the blob of relativistic elec-
trons moves towards the observer with specific Doppler fac-
tor D. For the parametrization of the X-ray spectrum and
the derivation of the photon densities in the blob frame, see
Bednarek & Protheroe (1999). The radius of the blob is es-
timated on the base of the reported variability time-scale tvar
during the flare emission, R = 0.5cDtvar. The spectrum of
the electrons in the blob can be derived from the observed
synchrotron spectrum assumed in specific energy ranges to
be simple power law. For the differential synchrotron photon
spectrum, described in specific energy ranges by the general
form Nsyn ∝ ε−p up to the maximum energies εmax, we de-
rive the spectrum of electrons in the blob, Ne ∝ E−α up to
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Fig. 1 The energies of γ-ray photons injected in the centre of the blob for which the optical depths in γ−γ → e± collisions with the synchrotron
radiation of the blob are equal to: τ = 0.1 (dot-dashed curves), τ = 0.3 (dashed), τ = 1 (solid), τ = 3 (dotted), τ = 10 (dot-dot-dashed), are
shown as a function of the Doppler factor of the blob and for a few selected radii of the blob defined by the variability time scale tvar = 15 min
(left figure), and 1hr (right). These example calculations are performed for density and spectrum of synchrotron photons as derived for the flare
on 16th April 1997 from Mrk 501.
energy Emax. A simple relation between spectral indices of
the synchrotron and electron spectra results from the basic
features of the synchrotron radiation process, α = 2p− 1
and Emax = (mc2εmaxBcr/B)1/2, where B is the magnetic
field strength at the blob, and Bcr = 4.414 · 1013 G (see e.g.
Bednarek & Protheroe 1999).
Relativistic electrons injected isotropically into the blob
with such a spectrum can initiate IC e± pair cascade, pro-
vided that the emission region is compact enough (optical
depths larger than unity). To find out for which blob parame-
ters this is possible, we calculate the optical depths for γ-rays
in the synchrotron radiation of the blob for an arbitrary injec-
tion place of the γ-ray inside the blob. Note that the electrons
which gyrate in the magnetic field at the border of the blob
will see the soft radiation anisotropic. They see the strongest
radiation field from the direction of the centre of the blob.
Therefore, they produce TeV γ-ray photons in the IC pro-
cess preferentially towards the centre of the blob since the
probability of their interaction is the largest when they are
instantaneously directed towards the centre. Produced TeV
γ-rays move through the central regions of the blob, where
the radiation field is the strongest. We take these anisotropic
effects into account in our calculations.
In Fig. 1, we show the optical depths for γ − γ → e±
pair production in collisions of IC γ-ray photons with syn-
chrotron radiation as a function of the energies of γ-ray pho-
tons and the blob parameters (its dimension is defined by
tvar and Doppler factor). It is clear that for blobs moving
with Doppler factors estimated from the observations of the
superluminal motions in jets of AGNs, the optical depths
are above unity for γ-rays in the TeV energy range. For the
shortest variability time scales reported in the case of Mrk
501 (∼15 min), the optical depths for γ-rays with energies
above∼100 GeV in the blob rest frame are larger than unity
already for Doppler factors lower than ∼15. In such cases,
absorption of TeV γ-rays in collisions with synchrotron pho-
tons have to be included in the calculations of the γ-ray spec-
trum emerging from the blobs.
3 The cascade gamma-ray spectra
In order to obtain the γ-ray spectra escaping from the blob
as a function of its parameters, we assume that electrons,
with the spectrum derived from the observed synchrotron
spectrum during the flare from Mrk 501 observed during the
1997 April 16, are distributed homogeneously inside a blob.
The blob is defined by its radius (determined by the variabil-
ity time scale), the Doppler factor D, and the magnetic field
strength B. These electrons cool on the synchrotron process
and IC scattering of synchrotron photons. The IC γ-rays are
produced by electrons anisotropically, preferentially toward
the direction of the strongest radiation field, i.e. toward the
central parts of the blob. These primary γ-rays can be ab-
sorbed in the blob synchrotron radiation, initiating the IC e±
pair cascade. We follow the development of such anisotropic
cascade (due to the anisotropic radiation field), by applying
the Monte Carlo method. The scenario discussed by us is in
fact a modification of the synchrotron self-Compton model.
However, the SSC model considered here is homogeneous
with respect to injection of relativistic electrons, and the den-
sity of synchrotron photons, but inhomogeneous in respect
to the synchrotron radiation field inside the blob, due to geo-
metrical effects. We are interested in situations in which ab-
sorption of γ-rays in collisions with synchrotron photons can
play an important role. Our IC e± pair cascade code also in-
cludes the synchrotron energy losses of secondary e± pairs.
The primary and secondary electrons in the blob are con-
sidered up to minimum energies Emin = 100 MeV. At first,
we calculate the spectra of γ-ray escaping from the blob in
their own rest frame for monoenergetic electrons (normal-
ized to one electron): Ee = 0.1 TeV and 1 TeV (see Fig. 2).
As expected, the shape of these γ-ray spectra strongly de-
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Fig. 2 Differential spectra of γ-ray photons multiplied by the energy squared (in the blob frame) which are produced in the optically thick
SSC model by electrons with energies Ee = 0.1TeV (dashed curves) and 1 TeV (full) in the blob defined by following parameters: blob radius
determined by the variability time scales tvar = 15min (upper figures) and 1hr (lower), the magnetic field strength B = 0.1G (left figures) and 1G
(right), and different Doppler factors of the blob: D = 5 (red curves), 10 (green), and 20 (blue).
pends on the Doppler factor of the blob, which is mainly
responsible for the optical depths for γ-ray photons. For low
Doppler factors, the spectra are relatively steep peaking at
GeV energies in the observer’s frame (compare curves with
different colours). In contrast, for large Doppler factors, the
γ-ray spectra peak at the highest energy part, which is deter-
mined by the energies of injected electrons. If the density of
synchrotron photons in the blob is large (e.g. for small radius
of the blob which occurs for relatively short variability time
scale and small Doppler factors), then TeV γ-rays are ab-
sorbed and re-processed in the cascade into the GeV energy
range (compare red, green and blue curves in the upper-left
Fig. 2 or green curves in upper and bottom Fig. 2).
The γ-ray spectra escaping from the blob (in its rest frame)
have been also calculated for the injection of electrons, with
the equilibrium spectrum derived from the observations of
the X-ray flare from Mrk 501 during the 1997 April 16. In
Fig. 3 we show the variety of spectral shapes of escaping γ-
rays, which are expected in such optically thick SSC model
as a function of some parameters (full curves). For large
Doppler factors the absorption of γ-rays is negligible and the
cascade does not develop. Then, γ-ray spectra peak at large
energies, provided that synchrotron losses of primary elec-
trons do not dominate (e.g. blue curve in the left-upper fig-
ure). Note that in the observer frame the spectra are addition-
ally shifted to higher energies due to the relativistic beaming
with the Doppler factor D. On the other hand, the γ-ray spec-
tra have relatively low intensities if the blob is large (longer
variability time scales and stronger magnetic fields inside
the blob). In such a case, electrons loose energy mainly on
synchrotron processes but density of synchrotron photons is
on the low level (due to the large blob), preventing efficient
production of IC γ-rays (see blue curve in the right-bottom
figure). If the blob moves with large Doppler factors (with
values closer to the upper bound derived from observations
of superluminal motions in AGNs), then the dimension of
the blob is larger and the optical depths for γ-rays lower. In
such a case, the cascading effects can be neglected (for com-
parison see blue dashed and full curves). However, for low
Doppler factors (D < 10), the cascading effects are impor-
tant (compare the dashed and full red curves). As a result,
the spectra of escaping γ-rays peak at ∼GeV energies (in
the observer’s frame), showing relatively low fluxes at TeV
energies. In general, more compact blobs with stronger mag-
netic field produce strong synchrotron X-ray flares without
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Fig. 3 As in Fig. 2, but for the equilibrium spectrum of electrons in the blob derived from the observed spectrum of synchrotron photons during
the flare from Mrk 501, observed during the 1997 April 16. The γ-ray spectra escaping from the blob without (with) the effects of cascading are
shown by the dashed (full) curves.
accompanying strong TeV γ-ray flares, due to the internal
absorption of γ-rays in the blob.
4 Conclusions
Our detailed calculations of the internal absorption of γ-rays
confirm the conclusion reached in Bednarek & Protheroe (1999)
that the absorption of γ-rays produced in SSC model in the
April 1997 flare in Mrk 501 can be important. The best con-
sistency with the observed γ-ray spectrum is obtained for the
magnetic field of the order of∼0.1 G and the Doppler factor
in the range 10−15 (see also Bednarek & Protheroe 1999).
Based on the calculations of the radiation processes in
terms of the optically thick SSC model, we suggest the ex-
istence of a new class of the BL Lac type AGNs. In the case
of such BL Lacs, strong X-ray flares should not be accompa-
nied by strong TeV γ-ray flares. This new type of γ-ray emit-
ting BL Lacs should show simultaneous flares in hard X-rays
and GeV γ-rays. We propose that future experiments, with
improved sensitivity in the GeV energies, such as AGILE
and GLAST, should search for such a type of flares espe-
cially from the nearby BL Lacs from which TeV γ-ray emis-
sion has not been observed so far. Such GeV flares in BL
Lacs might occur, provided that very compact blobs move
with relatively low Doppler factors. In fact such a differ-
ent types of flares from BL Lac type AGNs, i.e. hard X-ray
flares accompanied by GeV γ-ray flares, might already spo-
radically occur in the TeV γ-ray BL Lacs. Due to absorption
of TeV γ-rays, the power can be reprocessed in the IC e±
pair cascade process from the TeV to GeV energies. There
are some signatures that such flares have been already ob-
served, i.e. the so called orphan X-ray flare reported from
Mrk 421 (Rebillot et al. 2006).
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